Objectives: To compare the responsiveness of disability measures with physical activity measures in patients with chronic low back pain (CLBP) undergoing a course of physical therapy treatment. Design: This is a prospective cohort study with two-month follow-up. Subjects: A total of 106 patients presenting with non-specific CLBP of more than three months duration were recruited. Main measures: Disability measures investigated were Quebec Back Pain Disability Scale and Roland Morris Disability Questionnaire. Physical activity measures analyzed include the Baecke Habitual Physical Activity Questionnaire and objective measures derived from an accelerometer (i.e. total time spent in moderate-to-vigorous and light physical activity, number of steps and counts per minute). Disability and physical activity measures were collected at the baseline and after eight weeks of treatment. For the responsiveness analyses, effect size (ES) and standardized response mean (SRM) were calculated. Correlations between the change in disability and physical activity measures were calculated. Results: Responsiveness for disability measures was considered to be large with ESs ranging from -1.03 to -1.45 and SRMs ranging from -0.99 to -1.34, whereas all physical activity measures showed values lower
Introduction
Physical functioning or the patient's ability to carry out daily activities is considered to be a core outcome for clinical trials in non-specific low back pain. 1 The impact of pain on physical functioning can be expressed in terms of the patient's level of disability or physical activity. 2 While these measures appear to share some similarities due to the impact of pain on daily functioning, they reflect different constructs. Disability in patients with low back pain is mainly assessed through questionnaires, such as the Roland Morris Disability Questionnaire 3 and the Quebec Back Pain Disability Scale, 4 which cover a range of spinerelated functions (e.g. twisting, bending over and sitting) likely to be affected by the presence of pain in the lower back. Physical activity, however, can be measured using self-reported questionnaires (e.g. the Baecke Habitual Physical Activity Questionnaire) 5 or objective instruments such as accelerometers, 6 which measure the perceived or record in real time, the amount and/or intensity of body movements during free-living activities.
Responsiveness to change or the ability of a measure to detect real change over a pre-specified time frame is an important measurement property for any measure to be used as an outcome. 7 While there is evidence to support the responsiveness of disability measures, [8] [9] [10] [11] to our knowledge, studies comparing the responsiveness of disability measures with physical activity measures in patients with chronic low back pain (CLBP) are lacking.
Therefore, the objective of this study was to compare the responsiveness of disability measures with physical activity measures in patients with CLBP undergoing a course of physical therapy treatment. For the purpose of this study, physical therapy treatment was standardized to reflect the recommendations from current clinical practice guidelines for the management of CLBP, consisting of exercise therapy and education to remain active and return to normal activities as soon as possible. 12, 13 
Methods
We conducted a prospective cohort study with twomonth follow-up. This study was approved by the research ethics committee from the São Paulo State University (CAAE: 36285414.40000.5402). All participants signed a consent form before enrolling in the study.
Consecutive patients with low back pain seeking care at an outpatient physical therapy clinic in Presidente Prudente, Brazil, were invited to participate. Participants were considered eligible if they had non-specific CLBP, defined as pain or discomfort localized between the last rib and above the inferior gluteal fold, with or without referred pain to the leg, presenting with symptoms of at least three months' duration and aged between 18 and 60 years. In addition, patients should have obtained a score of at least moderate on question 7 ("How much bodily pain have you had during the past week?") or 8 ("During the past week, how much did pain interfere with your normal work, including both work outside the home and housework?") of the SF36 questionnaire. 14 This criterion was applied in order to include participants who were representative of a patient population with low back pain seeking physical therapy treatment. Patients with common imaging findings, such as osteoarthritis, grade I spondylolysis and spondylolisthesis or protrusion/herniation/prolapsed disc, but with clinical symptoms that met the criteria for inclusion/exclusion, were considered eligible. Subjects were excluded if they had known or suspected serious spinal pathology such as fracture, metastatic, inflammatory or infective diseases of the spine, cauda equina syndrome, radiculopathy (at least two of the following signs: weakness, reflex change or sensation loss, associated with the same spinal nerve) and any contraindication to physical exercise according to the guidelines of the American College of Sports Medicine. 15 Patients were treated at a local outpatient physical therapy clinic with a group exercise program. The outpatient physical therapy clinic is available to patients from the local community free of charge. Treating physical therapists were instructed to follow the clinical practice guidelines for the management of CLBP which recommends exercise therapy and education to remain active and return to normal activities, including early return to work, as soon as possible. 12, 13 The group exercise program consisted of one-hour group sessions twice a week for two months. Each session started with a program of progressive or graded exercise and finished with an education messages to stay active (i.e. avoid bed rest) and gradually resume normal activities in the form of "Tip of the Day." The exercise components included warm-up (i.e. 5 to 10-min walking) and stretching, up to 10 individual exercises (combining core stabilization exercises for lumbo-pelvic region and strengthening exercise for upper and lower limbs), cool down and relaxation. The exercises were progressed every one or two weeks by increasing the number of sets and repetitions and/or making the exercises more challenging.
To characterize the sample, we collected at baseline: anthropometric and demographic data (i.e. age, body mass index, education level and work status), pain duration, pain intensity in the last 24 hours measures with a 0-10 numerical pain rating scale, 16 fear of movement measured with FearAvoidance Beliefs Questionnaire, 17 and depression measured with the Beck Depression Inventory. 18 Disability and physical activity measures were assessed at baseline and at two-month follow-up. Disability measures used were the Roland Morris Disability Questionnaire 3 and Quebec Back Pain Disability Scale. 4 The Roland Morris Disability Questionnaire consists of 24 yes/no items with a total score ranging from 0 (no disability) to 24 (maximal disability). 3 The Quebec Back Pain Disability Scale consists of 20 items scored on a 0-5 scale with a total score ranging from 0 (no disability) to 100 (maximum disability). 4 Physical activity levels were measured with two assessment methods: self-reported and objective measures. The Baecke Physical Activity Questionnaire 5 records self-reported physical activity levels within a typical week. This questionnaire consists of 16 items assessing different domains of physical activity (i.e. work, sports, leisure time). The total score varies between 3 and 15 with a higher score indicating a higher physical activity level. This questionnaire has shown acceptable reliability but only fair correlation with accelerometer data (i.e. number of steps per day and vector magnitude counts per minutes) in patients with CLBP. 19 The objective physical activity measures were collected using the ActiGraph GT3X-BT (ActiGraph, LLC, Pensacola, FL, USA) which is a non-invasive, small, lightweight triaxial accelerometer (4.6 cm × 3.3 cm × 1.5 cm, 19 g). 20 Patients were told to wear the device during waking hours for seven consecutive days, at baseline and at twomonth follow-up, on the right hip fastened by an elastic waistband. 21 Participants were asked not to wear the accelerometer during certain activities such as swimming, bathing and sleep. Participants received short message service reminders to wear the accelerometer each morning at a pre-determined time chosen by the own participant. For the purpose of this study, acceleration data were sampled at 30 Hz and analyzed in 60-second epochs. Accelerometer data were analyzed and computed with ActiLife 6 software (ActiGraph, LLC). For each patient, a complete data set was defined as at least 10 hours per day of monitored wear during at least five days. Non-wear periods were defined as time intervals of at least 60 consecutive minutes of zero counts, with an activity interruption allowance of 0-100 counts/min lasting a maximum of 2 consecutive minutes. 22 Outcome measures for each participant were as follows: (1) total time spent in moderate-to-vigorous physical activity per day, (2) light physical activity per day, (3) total steps per day and (4) counts per minute. The outcome measures were obtained from the vertical axis. Moderate-to-vigorous physical activity was defined as values greater than 1952 counts/min and light physical activity was defined as values between 100 and 1951 counts/min. 23 Counts per minute were calculated by dividing the sum of activity counts of the vertical axis by the number of valid minutes. 23 Descriptive statistics were calculated for all measures at baseline assessment using mean and SD, median and interquartile range (IQR) and frequency and proportion depending on data distribution.
Responsiveness was calculated for disability and physical activity measures. Responsiveness or the ability of a measure to detect real change in physical activity levels over pre-specified time frame was calculated using the effect size (Effect Size = Mean follow-up minus Mean baseline/SD of baseline) and the standardized response mean (SRM) (Standardized Response Mean = Mean follow-up minus Mean baseline/ SD of the change). 7 For Effect Size and SRM, we calculated confidence intervals of 84%. 24 The 84% confidence interval was used because nonoverlapping 84% confidence intervals are equivalent to a Z test of means at the 0.05 level. 24 Effect size and SRM should be interpreted using the following benchmarks: an effect size of 0.2 being considered small, 0.5 as medium and 0.8 or greater as large. 25 For the correlation analysis, we used Spearman's rho to investigate the correlation between the change in disability measures and the change detected by the Baecke Physical Activity Questionnaire and accelerometers variables (i.e. counts per minutes, steps per day, moderate-tovigorous physical activity per day and light physical activity per day). Scatter plots were also used to visualize the relationship between these measures. The correlation was interpreted using the following cut-offs: 0.00 to 0.25 little or no relationship; 0.25 to 0.50 fair relationship; 0.50 to 0.75 moderate to good relationship; and above 0.75 good to excellent relationship. 26 We hypothesized that the changes in disability and physical activity measures would show fair relationship given that a meta-analysis of cross-sectional data had previously reported a moderate negative correlation (r = −0.33) between these measures. 2 The responsiveness of the physical activity and disability measures was investigated using a priori-formulated hypotheses following recommendations according to Mokkink et al. 27 Based on the results of previous studies, 9, 28 we expected at least medium responsiveness for disability measures. For physical activity measures, we hypothesized that in patients with CLBP the responsiveness would vary from small to medium as in previous studies with sedentary adults. 29 
Results
From September 2014 to October 2016, a total of 106 patients completed the two-month intervention program and were included in the analyses. Figure  1 shows the flow of participants in the study. The baseline characteristics of the 106 patients who completed the study are described in Table 1 .
Responsiveness analyses for disability and physical activity measures are provided in Table 2 . Disability measures were more responsiveness compared to physical activity measures. For Roland Morris Disability Questionnaire and Quebec Back Pain Disability Scale, effect sizes and SRMs showed large effects. For all physical activity measures, effect sizes and SRMs were lower than 0.20 indicating that physical activity measures were not able to detect real change in physical activity levels over time. In addition, the correlation between the change in disability and physical activity measures were all non-significant (Table 3 ). The lack of relationship between these measures can also be seen by visual inspection of scatter plots (Figure 2 ).
Discussion
Our findings revealed that both disability measures were able to detect change over time, whereas all physical activity measures were not responsive after a course of physical therapy treatment based on guideline-endorsed intervention for CLBP. Our findings also showed that the type of assessment method used to measure physical activity levels did not influence the lack of responsiveness.
A strength of this study was the use of a large sample size (n = 106). According to the COnsensusbased Standards for the selection of health Measurement Instruments, a sample size of at least 100 patients is needed to rate a study as excellent with regard to the appropriateness of sample size. 27 Only 16% of the eligible patients did not start or were not included in the analyses due to poor compliance with the wearing protocol. Previous studies in this area have reported a considerably higher rate of non-compliance. 30, 31 We would argue that the strategy adopted by this study to send short message service reminder to patients might have enhanced compliance with the wearing protocol. Nevertheless, a limitation of this study was the overall dropout from the study. A total of 19% of the sample started treatment program but did not finish due to several reasons (Figure 1 ). Another limitation is that our findings cannot be generalized to patients with acute and subacute low back pain.
Previous studies investigating the ability of disability measures to detect change over time in a similar population have reported moderate to large responsiveness. [8] [9] [10] [11] We would argue that our results are consistent with these previous studies. Few studies, however, have investigated the responsiveness of physical activity measures in other populations. 29, 32, 33 A previous study investigating the responsiveness of objective physical activity measures derived from ActiGraph accelerometers in children and adolescents population found large responsiveness (SRM > 0.80) for time spent in moderate-to-vigorous physical activity and light physical activity. 32 The large responsiveness found might be due to the difference in the methodologies. While in our study we investigated the responsiveness after a course of twomonth physical therapy intervention, in the previous study, the responsiveness was assessed in a laboratory setting comparing the patients' performance while exercising in two different intensities, low versus high-intensity exercises. Another study investigated the responsiveness of objective physical activity measures derived from the ActiGraph accelerometer and two other self-report questionnaires (i.e. Australia Active Survey and US National Health Interview Survey) in diabetes population. 33 The responsiveness results found for all physical activity measures were considered to be small, but those for accelerometer data were slightly higher than those for self-report questionnaires. 33 Similarly, another study evaluated the responsiveness of objective physical activity measures derived from ActiGraph also found small responsiveness to change in sedentary adults. 29 In contrast, our findings showed even smaller values than these previous studies. 29, 33 While the exercise therapy used in this study requires the patient to exercise during the treatment session only, the interventions tested in these previous studies 29, 33 were designed to disrupt sedentary behavior and increase physical activity levels which might result in a physical activity behavior change. There are two possible explanations for the lack of responsiveness in the physical activity measures. One possible explanation is that the patients in this study changed their level of physical activity but the physical activity measures investigated failed to detect this change. Given that the accelerometers are influenced by the choice of data collection and processing criteria, 34, 35 it is possible that the criteria used in this study which has been validated for healthy adults 23 were not able to capture the change in patients with CLBP. Future studies should investigate whether the use of different processing criteria, such as accelerometer cut-off points to quantify physical activity levels or energy expenditure algorithms that combine information from all three axes (i.e. vector magnitude counts), influence the responsiveness of physical activity measures. Regarding the Baecke Physical Activity Questionnaire, this is a self-reported tool developed for epidemiological studies 5 which may not be appropriate to detect change after a short period. Another possible explanation is that the guidelineendorsed intervention administered in this study was effective for improving the patients' level of functional activities or the ability to perform spinerelated activities such as twisting and bending over but failed to increase the level of physical activity. This finding is not in accordance with the assumption that after a course of treatment patients would present with lower levels of pain and disability and consequently become more physically active. In this case, the guideline-endorsed intervention used in this study makes patients more active during the treatment session but is not designed to make them more physically active during their daily life. In fact, a recent systematic review published by our research group shows that the available physical activity-based interventions failed to increase physical activity levels in people with chronic musculoskeletal pain. 36 We would argue that to change patients' behavior toward a more active lifestyle, interventions designed specifically for this purpose are needed. Nevertheless, since the publication of this systematic review, we identified at least four randomized controlled trials investigating the efficacy of interventions specifically designed to improve physical activity levels in patients with CLBP. Of these, one published trial 37 used a selfreported physical activity measure as an outcome but did not provide information on disability measures and three trial protocols [38] [39] [40] collecting concomitant information on self-reported and/or objective physical activity and disability measures.
The results of these trials will help understanding the value of this type of intervention on physical activity measures as well as on clinical outcome, such as disability and pain intensity. Physical therapy as a primary care profession is now facing the challenge to take a more active role to promote physical activity at the individual, societal and policy levels 41 because physical therapists are considered to be well-positioned to provide specific education about physical activity during individual therapeutic intervention and to deliver evidence-based intervention about active lifestyle in community-based primary care initiatives. 42 This may even be more relevant to patients with CLBP due to the high prevalence of comorbidities such as cardiovascular disease, 43,44 diabetes 45 and obesity. 46 As physical activity promotion has important implications for the management and prevention of these comorbidities, physical activity measures with appropriate measurement properties are needed to assist physical therapists assessing and monitoring their patients' physical activity levels. We would encourage future studies to test other accelerometer data processing criteria or develop new instruments that are responsive to changes in physical activity levels during free-living activities in patients with CLBP. Given that physical activity is central to achieving better health back 47 but current physical activity-based interventions in this area are not specifically designed to increase physical activity levels, 36 we would also recommend future studies to test the responsiveness of physical activity measures with interventions that also incorporate strategies for changing physical activity behavior, including provision of instruction, action planning and reinforcing effort toward behavior. 48 
Clinical messages
• • Self-reported and objective physical activity measures showed poor responsiveness to a guideline-endorsed physical therapy intervention for chronic low back pain compared with disability measures. • • The lack of responsiveness found for physical activity measures suggests that available physical activity measures are not able to capture the change in physical activity levels or current guidelineendorsed physical therapy intervention is not able to improve patients' physical activity level.
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